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Abstract

Inter-relationship between particle characteristic (e.g. particle size distribution, mineral
content, chemical composition) and its physical properties (e.g. plasticity, shrinkage, water
absorption, and strength) of six plastic clays used in production of Muang Kung earthenware
were studied. Mineral analysis by XRD indicated that kaolinite was common in every clay
samples. However, clay samples with greater average particle size (M1, M5) contained more
non-plastic minerals such as quartz, orthoclase and microcline than those with lower average
particle size (M3, M4 and M6). As a result, the former group of clays exhibited lower plasticity
(water of plasticity < 30wt%), lower drying and firing shrinkage (<6.5%), no different in water
absorption values between samples fired at 800°C and 1000°C, and lower strength
comparing with the latter. Finally, clay evaluation methods as well as simple testing equipment

based on sieve analysis, water of plasticity, and firing shrinkage were developed.

Keywords: Plastic Clay, Evaluation, Physical Properties
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2.1 NSAATIALUIABYNIA

[ ] zﬂl ya 1a tg v zﬂl = 14 16 v (<3 ]
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Lﬂl a Ao Aﬂl 1 17 =2 ¥ a ¥ '
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fanfumAlANITREILIBIeILAdALEaT (Malvern §14 Mastersizer 2000) 15LNN3unUgunmnN
ANNAZINGS INSFIAUEN 100 NFN HANYN 200 mi NHIUTARZININTAUIUIA 60, 120, 200 LAT
325 W1 ANNATAL Aanutuunzunssnazdy et lieynipaulnaiullddusiallld aaniu
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T Y] PO R AT T PRI (Tt (X-Ray Diffraction - XRD)
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2.4 NSNARALANNUTEINNANINNAIFEN (Plasticity)
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@ A ve o S id o oade o o o as

Wunsaniuuayldiulaeia e dntiadnszduaes "aumilen” (plasticity index) 199AU3D
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2.5 N9IRANISUARAA (Shrinkage)

ANUFUNIFTUNLYNAUAIALNNAMFUNAGALNIITNAFIIRIAY  UIAUNIATAUNIUAZINT
o 3 o P - o A Y e & Y v
YUIA 35 LT NIHANTLLN LAUIAsQaiaaud A uuiaaiwmuizad anntiuunllFauidusas
dl al a Y o dl v Y Aa al £ 1 6 v o 1 %
wisasraAuLUL I AUlann I uAunsanszuen  Hauaduindudnasaasuisamiaiy - 1.2

FEURINAT Fa L lAANENURILAaLIYaTl 10.0 EUALNAT AAEUATENT 8.0 ITIUALNATUURY

Y

a o 1 dl Yo o ng 4 dl a
1RgUVARARRE L Na LI AN1IAGA VNPL'gﬂﬁLL INYIUNIN
0

P89 NAFaUNUAGaIAtTAAINNLNAT
5

3

]
=

wasuhlvesuvishusnesnmaseuuiclugeungumugi 1

9

o

C g 24 Falue e UM
U o/ dl V% . . 3’/ o 1 o/ o dl a o
AINNINARILHBUIS (drying shrinkage) ANHUW FAAIMNITUARINAINITININGMAH 800°C UAY
1000°C WgLALAMNNINBULET FNBANUITINANNIVARIUAILEA (firing shrinkage)
NIUNANFALAZIBINIUAFUNBUI LazNIUAFIUAUNNTEN1TAUIIINNGRTT (2) UaY

(3) AHAAL

L=l vi00 %)

w

Tne L, A8 AINNENITHEIL

NSUARILNBLLING (%)

L, A8 AIHENINAIDLILIA

NISUARINAILHT (%) = Ly — Ly x100 (3)

D

Toeid L, A8 ANNENIUADLIL

A o
L, AR AINHENINRAILNN

2.6 MIIMAIMNITARTHNUNUDAUDAUNRILKN

ANNIAATHTIN ANNNTOLANTNANNIUFNIAINARAATUTUAUNT N9sTenNTunadan1dis

a

waafuAuNsEEaNwnAdaU e lETANIARINATIEN TuANEIENFet WAL Ig YA

U
v

800°C (M,) antiuiuianeaauldduludnpesdunat 2 dalus daesislddrunwneldmu
[~3 dl o

FnaeinagaduIANT ddunaaeuauaninduindeuiiueening i et guLnuna e o uin

W lddanduin@usn (M) AMuInmIAINIIRATNLNAINANNITN 4

AINSANTNUN (%) = My =My 100 (4)
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2.7 NISNARBUAMNLTINGS (Strength)

nAgeLIAANLLTLseieRy 14BN RINRRt AT WA A LN AdeL
nevesa dusumemAauudeussiowsn huisauesuicumenfignugi 105°C il
1nan 24 Falus @’m‘&uﬁﬂﬂ%m@@u%’]ﬁ’]ﬁfl’mLL‘ﬁQLLNLL‘U‘Uﬂ@@WN@qm FagAsamAgaLAN LTSS
(Universal Testing Machine — Instron USA) TufinAusan AT T unAdeLVINNER A1uLnnIvn
AANLLT U IFUMAENT 800°C WAz 1000°C MHAFMAGELIALIY A ntuAuIIA1AIY

LTI ANTUNAZGAL AMNANNITN 5 LAAZFIDLNNINIINAFALEINNTAL 5 TUNDWIATLDAL

@udaenilu kglem?) ool (5)

Strength = 8L
T

A8 usanan Iunagauin (kg)

~

e
1 1 v
D A 28 UNNUBNANNIRIFLTUNARDL (cm)

AR TUIAEURIUALENANTBITUNAFBLNINIZTLBNNAN (Cm)

AINUU NINNIATIAABLLAZTUNNANHTUEN AN ATBITUNAABLFIENABITANIIALLIL

wasiva i lidayadnenieniqaninreeyNIARBLACHARA DR atNgLsNaLNNINAN TN



3. HANISNAADILAZIANTOINA

3.1 n'lsfuﬂs'\sﬁﬂnmmqn'\ﬂmmﬁu

A15199 3.1 NANITTHATIZHUUIAUNIARUALETHNININANAZINGIFDL

22

R NIRUBININTIANASUNGT (%) FIUNNAN | WaTEUAZILNGS
Prama # 60 #120 | #200 | #325 | AEZWUNGY (%) | AUIA 325 LN (%)

M1 8.6 9.3 7.1 7.3 32.3 67.7

M2 10.1 7.5 6.1 5.0 28.7 71.2

M3 0.7 3.6 10.2 5.7 20.3 79.7

M4 0.7 4.2 10.8 6.5 22.2 77.8

M5 5.9 6.3 9.0 11.0 321 67.9

M6 7.6 4.0 7.5 4.9 24.0 76.0

A599 3.2 TUIABUNIALRALTBIFRBENAUNHIUATINI TR 325 1N

AIRENNAL

M1

M2

M3

M4

M5 M6

AUIABYNALRRE (Um)

8.7

6.6

4.7

6.3

12.7 6.5

AINANINA 3.1 FoateAUNgNNNLENININARzINsIgega ALl M1 uaz M5 G

FUUNINANAZLNTNTINGRAY 32.3 LAY 32.1 ATNANAL TILNTINF8819AY M1 LAz M5 Unay
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109690819 M1 uaz M5 aziiindifadnamy M1 Hauaeynineaegand) wasidndouaes

AYNIAIWIA T NINNdINTEeIFnaENams M5
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(Mlansu) 07 08 0.9 1.0 1.1 1.2
0.1 06 1.0 1.4 1.9 25 3.2
0.2 13 1.9 27 37 5.0 6.4
0.3 1.9 29 4.1 56 7.4 96
0.4 26 3.8 5.4 7.4 9.9 12.9
0.5 3.2 48 6.8 9.3 12.4 16.1
0.6 3.8 57 8.1 11.2 14.9 19.3
0.7 45 6.7 95 13.0 17.3 225
0.8 5.1 76 10.8 14.9 19.8 257
0.9 5.7 8.6 12.2 16.7 223 28.9
1.0 6.4 9.5 13.6 18.6 24.8 32.1
1.1 7.0 10.5 14.9 205 272 35.4
1.2 77 11.4 16.3 22.3 29.7 38.6
1.3 8.3 12.4 17.6 24.2 32.2 418
1.4 8.9 13.3 19.0 26.0 347 45.0
15 96 14.3 203 27.9 37.1 48.2
16 10.2 15.2 217 29.8 39.6 51.4
1.7 10.8 16.2 23.0 31.6 42.1 54.6
1.8 11.5 17.1 24.4 335 44.6 57.8
1.9 12.1 18.1 25.8 353 47.0 61.1
2.0 12.8 19.0 271 37.2 49.5 64.3
2.1 13.4 20.0 28.5 39.1 52.0 67.5
22 14.0 20.9 29.8 40.9 54.5 70.7
23 14.7 21.9 31.2 42.8 56.9 73.9
2.4 15.3 229 325 44.6 59.4 771
25 15.9 23.8 33.9 46.5 61.9 80.3
26 16.6 24.8 35.3 48.4 64.4 83.6
27 17.2 257 36.6 50.2 66.8 86.8
28 17.9 26.7 38.0 52.1 69.3 90.0
2.9 18.5 276 39.3 53.9 718 93.2
3.0 19.1 28.6 40.7 55.8 743 96.4
3.1 19.8 29.5 42.0 57.7 76.7 99.6
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(Mlandu) 07 08 0.9 1.0 1.1 1.2
3.2 20.4 30.5 43.4 59.5 792 | 1028
33 211 314 44.7 61.4 817 | 1061
3.4 217 324 46.1 63.2 842 |  109.3
3.5 223 33.3 475 65.1 866 | 1125
3.6 23.0 34.3 488 67.0 89.1 115.7
3.7 23.6 35.2 50.2 68.8 916 | 1189
3.8 24.2 36.2 51.5 70.7 94.1 122.1
3.9 24.9 37.1 52.9 72,5 95| 1253
4.0 255 38.1 54.2 74.4 99.0| 1286
4.1 26.2 39.0 55.6 76.3 1015 | 1318
42 26.8 40.0 56.9 78.1 1040 | 1350
43 07.4 40.9 58.3 80.0 1064 | 1382
4.4 28.1 419 59.7 81.8 1089 | 1414
45 28.7 42.9 61.0 83.7 1114 | 1446
46 29.3 43.8 62.4 85.6 1139 | 1478
47 30.0 44.8 63.7 87.4 1163 | 151.1
48 30.6 457 65.1 89.3 1188 | 1543
4.9 31.3 467 66.4 91.1 1213 | 1575
5.0 31.9 476 67.8 93.0 1238 | 1607
5.1 325 48.6 69.1 94.9 1263 | 1639
5.2 33.2 49.5 70.5 96.7 1287 | 1671
5.3 33.8 50.5 71.9 98.6 1312 | 170.3
5.4 34.4 51.4 732 100.4 1337 | 1735
5.5 35.1 52.4 74.6 102.3 1362 | 1768
5.6 35.7 53.3 75.9 104.2 1386 |  180.0
5.7 36.4 54.3 77.3 106.0 141.1 183.2
5.8 37.0 55.2 78.6 107.9 1436 | 1864
5.9 37.6 56.2 80.0 109.7 146.1 189.6
6.0 38.3 57.1 81.4 111.6 1485 |  192.8
6.1 38.9 58.1 82.7 113.5 151.0 | 196.0
6.2 39.6 59.0 84.1 115.3 1535 | 1993
6.3 402 60.0 85.4 117.2 156.0 | 2025
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(Alansu) 07 08 0.9 1.0 1.1 1.2
6.4 40.8 60.9 86.8 119.0 158.4 | 205.7
6.5 415 61.9 88.1 120.9 160.9 |  208.9
6.6 42.1 62.8 89.5 122.8 163.4 | 212.1
6.7 42.7 63.8 90.8 124.6 1659 |  215.3
6.8 43.4 64.8 922 126.5 168.3 | 2185
6.9 44.0 65.7 936 128.3 170.8 | 221.8
7.0 44.7 66.7 94.9 130.2 1733 | 225.0
7.1 45.3 67.6 96.3 132.1 175.8 | 228.2
7.2 45.9 68.6 976 133.9 1782 | 2314
73 46.6 69.5 99.0 135.8 180.7 | 234.6
7.4 47.2 705 100.3 137.6 1832 |  237.8
75 47.8 714 101.7 139.5 185.7 | 241.0
76 485 72.4 103.0 141.4 188.1 244.3
77 49.1 733 104.4 143.2 190.6 | 2475
7.8 49.8 743 105.8 145.1 193.1 250.7
7.9 50.4 75.2 107.1 146.9 1956 | 253.9
8.0 51.0 76.2 108.5 148.8 198.0 |  257.1
8.1 51.7 771 109.8 150.6 2005 | 2603
8.2 523 78.1 111.2 152.5 2030 | 2635
8.3 52.9 79.0 112.5 154.4 2055 |  266.8
8.4 53.6 80.0 113.9 156.2 2079 | 2700
8.5 54.2 80.9 115.2 158.1 2104 | 2732
8.6 54.9 81.9 116.6 159.9 2129 | 2764
8.7 55.5 82.8 118.0 161.8 2154 | 2796
8.8 56.1 83.8 119.3 163.7 2178 | 2828
8.9 56.8 84.8 120.7 165.5 2203 |  286.0
9.0 57.4 85.7 122.0 167.4 2208 | 2892
9.1 58.1 86.7 123.4 169.2 2053 | 2925
9.2 58.7 87.6 124.7 171.1 2077 | 2957
9.3 59.3 88.6 126.1 173.0 2302 | 2989
9.4 60.0 89.5 127.4 174.8 2327 | 3021
9.5 60.6 90.5 128.8 176.7 2352 | 3053
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(Mlandu) 07 08 0.9 1.0 1.1 1.2
9.6 61.2 91.4 130.2 178.5 2376 | 3085
9.7 61.9 92.4 1315 180.4 240.1 3117
9.8 62.5 93.3 132.9 182.3 2426 | 3150
9.9 63.2 94.3 134.2 184.1 245.1 318.2
10.0 63.8 95.2 135.6 186.0 2475 | 3214
10.1 64.4 96.2 136.9 187.8 2500 | 3246
10.2 65.1 97.1 138.3 189.7 0505 |  327.8
10.3 65.7 98.1 139.7 191.6 2550 |  331.0
10.4 66.3 99.0 141.0 193.4 2575 | 3342
10.5 67.0 100.0 142.4 195.3 2509 | 3375
10.6 67.6 100.9 143.7 197.1 2624 | 3407
10.7 68.3 101.9 145.1 199.0 2649 |  343.9
10.8 68.9 102.8 146.4 200.9 267.4 | 3474
10.9 69.5 103.8 147.8 202.7 269.8 |  350.3
11.0 70.2 104.7 149.1 204.6 2723 | 3535
11.1 70.8 105.7 150.5 206.4 2748 |  356.7
11.2 714 106.7 151.9 208.3 2773 | 360.0
11.3 72.1 107.6 153.2 210.2 2797 | 363.2
11.4 72.7 108.6 154.6 212.0 0822 |  366.4
115 73.4 109.5 155.9 213.9 0847 |  369.6
116 74.0 110.5 157.3 215.7 0872 | 3728
11.7 746 111.4 158.6 2176 289.6 |  376.0
11.8 753 112.4 160.0 2195 292.1 379.2
11.9 75.9 113.3 161.3 221.3 2946 |  382.4
12.0 76.6 114.3 162.7 203.2 297.1 385.7
12.1 77.2 115.2 164.1 205.0 2995 |  388.9
12.2 77.8 116.2 165.4 226.9 3020 | 392.1
12.3 78.5 117.1 166.8 208.8 3045 | 3953
12.4 79.1 118.1 168.1 230.6 307.0 | 3985
12.5 797 119.0 169.5 2325 3094 | 4017
12.6 80.4 120.0 170.8 234.3 3119 | 4049
12.7 81.0 120.9 172.2 236.2 3144 | 4082
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(Mlandu) 07 08 0.9 1.0 1.1 1.2
12.8 81.7 121.9 173.5 238.1 3169 | 4114
12.9 823 122.8 174.9 239.9 3193 | 4146
13.0 82.9 123.8 176.3 2418 3218 | 4178
13.1 83.6 124.7 177.6 2436 3243 | 4210
13.2 84.2 125.7 179.0 2455 326.8 | 4242
13.3 84.8 126.6 180.3 247 .4 3292 | 4274
13.4 85.5 127.6 181.7 249.2 331.7 | 430.7
13.5 86.1 128.6 183.0 251.1 3342 | 4339
13.6 86.8 129.5 184.4 252.9 3367 | 4371
13.7 87.4 130.5 185.8 254.8 339.1 4403
13.8 88.0 131.4 187.1 256.7 3416 | 4435
13.9 88.7 132.4 188.5 258.5 344.1 4467
14.0 89.3 133.3 189.8 260.4 346.6 | 449.9
14.1 89.9 134.3 191.2 262.2 349.0 | 453.2
14.2 90.6 135.2 192.5 264.1 3515 |  456.4
14.3 912 136.2 193.9 266.0 3540 | 459.6
14.4 91.9 137.1 195.2 267.8 3565 |  462.8
145 9.5 138.1 196.6 269.7 3589 |  466.0
14.6 93.1 139.0 198.0 2715 3614 | 469.2
14.7 93.8 140.0 199.3 273.4 3639 | 4724
14.8 94.4 140.9 200.7 275.3 366.4 | 4757
14.9 95.1 141.9 202.0 2771 368.8 | 4789
15.0 95.7 142.8 203.4 279.0 3713 | 4821
15.1 96.3 143.8 204.7 280.8 373.8 |  485.3
15.2 97.0 144.7 206.1 282.7 3763 | 4885
15.3 97.6 145.7 207.4 284.6 378.8 | 4917
15.4 98.2 146.6 208.8 286.4 3812 |  494.9
15.5 98.9 147.6 210.2 288.3 383.7 | 498.1
15.6 99.5 148.6 211.5 290.1 3862 | 5014
15.7 100.2 149.5 212.9 292.0 388.7 |  504.6
15.8 100.8 150.5 214.2 293.9 391.1 507.8
15.9 101.4 151.4 215.6 295.7 3936 | 511.0
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(Mlandu) 07 08 0.9 1.0 1.1 1.2
16.0 102.1 152.4 216.9 2976 396.1 514.2
16.1 102.7 153.3 2183 299.4 3986 | 517.4
16.2 103.3 154.3 219.6 301.3 4010 | 5206
16.3 104.0 155.2 221.0 303.2 4035 |  523.9
16.4 104.6 156.2 2004 305.0 4060 |  527.1
16.5 105.3 157.1 203.7 306.9 4085 | 530.3
16.6 105.9 158.1 205.1 308.7 4109 | 5335
16.7 106.5 159.0 206.4 310.6 4134 |  536.7
16.8 107.2 160.0 2078 312.5 4159 |  539.9
16.9 107.8 160.9 229.1 3143 4184 | 543.1
17.0 108.4 161.9 2305 316.2 4208 |  546.4
17.1 109.1 162.8 231.8 318.0 4233 | 5496
17.2 109.7 163.8 233.2 319.9 4258 |  552.8
17.3 110.4 164.7 234.6 321.8 4283 |  556.0
17.4 111.0 165.7 235.9 323.6 4307 |  559.2
17.5 111.6 166.6 2373 325.5 4332 |  562.4
17.6 112.3 167.6 238.6 327.3 4357 |  565.6
17.7 112.9 168.5 240.0 329.2 4382 |  568.9
17.8 113.6 169.5 241.3 331.1 4406 | 5721
17.9 114.2 170.5 2427 332.9 443.1 575.3
18.0 114.8 171.4 244.1 334.8 4456 | 5785
18.1 115.5 172.4 2454 336.6 448.1 581.7
18.2 116.1 173.3 246.8 338.5 4505 |  584.9
18.3 116.7 174.3 248.1 340.4 453.0 |  588.1
18.4 117.4 175.2 249.5 342.2 4555 |  591.4
18.5 118.0 176.2 250.8 344.1 458.0 |  594.6
18.6 118.7 177.1 252.2 345.9 4604 |  597.8
18.7 119.3 178.1 2535 347.8 4629 |  601.0
18.8 119.9 179.0 254.9 349.7 4654 | 6042
18.9 120.6 180.0 256.3 351.5 4679 |  607.4
19.0 121.2 180.9 0576 353.4 4703 | 6106
19.1 121.8 181.9 259.0 355.2 4728 | 6138
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WSINAFIFA AUALFURIUAUINANIRILVIINAFAL (F3.)

(Mlandu) 07 08 0.9 1.0 1.1 1.2
19.2 122.5 182.8 260.3 357.1 4753 | 617.1
19.3 123.1 183.8 261.7 359.0 4778 |  620.3
19.4 123.8 184.7 263.0 360.8 4802 | 6235
19.5 124.4 185.7 264.4 362.7 4827 | 6267
19.6 125.0 186.6 265.7 364.5 4852 | 629.9
19.7 125.7 187.6 267.1 366.4 4877 |  633.1
19.8 126.3 188.5 268.5 368.3 490.1 636.3
19.9 126.9 189.5 269.8 370.1 4926 |  639.6
20.0 127.6 190.5 2712 372.0 495.1 642.8
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Abstract

Inter-relationship between particle
characteristic (e.g. particle size distribution, mineral
content, chemical composition) and its physical
properties (e.g. plasticity, shrinkage, water absorption,
and strength) of six plastic clays used in production
of Muang Kung earthenware were studied. Mineral
analysis by XRD indicated that kaolinite was common
in every clay samples. However, clay samples with
greater average particle size (M1, M5) contained
more non-plastic minerals such as quartz, orthoclase
and microcline than those with lower average particle

size (M3, M4 and M6). As a result, the former group

of clays exhibited lower plasticity (water of plasticity
< 30wt%), lower drying and firing shrinkage (<6.5%),
no different in water absorption values between
samples fired at 800°C and 1000°C, and lower
strength comparing with the latter. Finally, clay
evaluation methods as well as simple testing
equipment based on sieve analysis, water of plasticity,

and firing shrinkage were developed.
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M1 8.6 9.3 71 7.3 32.3 67.7
M2 10.1 7.5 6.1 5.0 28.7 71.2
M3 0.7 3.6 | 10.2 5.7 20.3 79.7
M4 0.7 42 |1 108 | 65 222 77.8
M5 5 6.3 9.0 11.0 321 67.9
M6 7.6 4.0 7.5 4.9 24.0 76.0
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siaatafu | Mgo | ALO, | sio, | K,0 | cao | TiO, | MnO, | Fe,0,
M1 1.35 20.06 | 68.81 3.16 0.78 0.91 0.19 4.65
M2 0.71 21.25 | 70.07 1.90 0.27 0.88 0.11 475
M3 1.25 21.74 | 69.25 2.21 0.32 1.10 0.00 4.07
M4 1.10 20.83 | 70.29 213 0.31 1.10 0.03 4.14
M5 1.28 20.19 | 69.13 3.94 0.69 0.87 0.13 3.61
M6 1.12 21.62 | 66.08 2.20 0.31 1.04 0.04 7.54
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